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INITIAL  TEST  OF  TOE  MULTI  REED  VALVE 
COMBUSTION  CHAMBER 

OBJECT; 

1.  The  object  of  this  test  was  to  obtain  data  from  which  the  general 
performance  characteristics  of  t^e  Incoming  Multi  Reed  Valve  Combustion 
Chamber  could  be  evaluated. 

SUMMAHT 

2.  The  subject  combustion  chamber  was  the  second  Incoming  design 
made  to  operate  on  the  intermittent  jet  or  "constant  volume"  cycle. 

This  chamber  differed  from  the  first  design  (See  Lycoming  Engineering 
Report  No.  1056)  xn  that  the  inlet  valves  were  of  the  automatic  type, 
opened  by  ram  pressure  and  closed  by  combustion  pressures. 

3.  Operation  of  this  unit  was  steadier  than  that  of  the  Rotary 
Sleeve  Valve  Chamber,  but  cyclic  combustion  irregularities  existed  to 
such  a degree  that  the  task  of  obtaining  reproducible  data  was  a difficult 
one.  Satisfactory  operation  wa3  obtained  at  higher  speeds  (500  to 

1200  cpn)  and  fuel  flow  range  was  increased  at  the  higher  speeds,  but, 
at  the  conditions  used  during  this  test,  r3m  pressure  was  limited  to 
25  psig.  by  failure  to  start  firing  at  higher  pressures.  The  decrease 
in  airflow  as  fuel  flow  was  increased  at  constant  speed  andrram  pressure 
was  much  greater  than  was  the  case  in  the  Rotary  Sleeve  Valve  Chamber. 

4.  Exhaust  gas  analysis  was  attempted  during  the  latter  part  of 
the  test.  Correlation  of  three  methods  of  combustion  chamber  pressure 
measurement  was  attempted.  Neither  attempt  was  completely  successful 
during  the  firing  runs,  but  mean  chamber  pressure  measurements  were 

an 
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successfully  checked  by  using  a steadily  cycling  air-operated  test 
fixture  in  place  of  the  chamber  in  nhich  the  cyclic  pressures  were 
quite  irregular. 

5.  The  test  work  covered  by  this  report  was  done  during  the  period 
from  August  20,  1946  to  February  7,  1947.  Chamber  operating  time  dur- 
ing this  period  totaled  67  hours  40  minutes.  Thi3  time  does  not  include 
calibrations  or  non-firing  airflow  tests. 

CONCLUSIONS: 

6.  It  is  concluded  that  satisfactory  operation,  for  the  purpose  of 
this  test,  was  obtained,  and  that  the  data  presented  in  this  report  is 
representative  of  the  best  operation  obtained  at  the  conditions  of  this 
test. 

RECOMMENDATIONS ; 

7.  The  investigation  of  other  variables,  such  as  those  listed  in 
Lycoming  Engineering  Report  No.  1056  (paragraph  8),  not  covered  by  this 
report  is  in  order.  A partial  list  is  as  follows: 

a)  Improvements  in  fuel  atomisation  by  higher  fuel  nozzle 
pressures,  nozzle  location,  spray  angle,  supplementary 
heaters,  and/or  deflectors. 

b)  Location  and  type  of  points  of  ignition 

c)  Size  and  shape  of  jet, nozzle 

d)  Size  shape  and  location  of  the  supply  air  valves 

e)  Different  types  of  fuel 
DESCRIPTION  t 

8.  The  multi  reed  valve  combustion  chamber  uaed  for  this  test  was 
assembled  as  shown  in  the  exploded  view  of  photograph  No.  E-4495 , page  77. 


9.  The  principal  parts  making  uo  the  unit  ware  assembled  in  the 
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following  manner.  The  18  reed  valves,  part  No.  70760,  were  support- 
ed between  two  concentric  cylinders,  each  of  which  contained  18  ports. 

The  valves  seated  on  the  ports  in  the  external  cylinder,  part  No.  70761, 
and  were  held  in  position  when  off  the  seats  by  the  inner  cylinder, 
part  No.  70825,  and  two  end  spacing  rings,  part  No.  707-54.  The  head 
of  the  chamber  was  formed  by  the  closed  end  of  the  inner  cylinder  or 
valve  stop  plate  assembly,  part  No.  70825.  The  ports  were  covered  on 
the  outside  by  a full  circular  manifold,  part  No.  70751.  To  the  rear 
of  the  above  described  portion  was  bolted  a barrel  section,  part  No. 

70748,  containing  locations  for  8 spark  plugs.  The  1.06"  convergent 
nozzle,  part  No.  70714,  was  bolted  to  the  rear  end  of  the  barrel  assembly  . 
Inside  combustion  chamber  dimensions  were  5"  diameter  by  22  l/4”  length. 

The  combustion  chamber  was  fully  jacketed,  including  the  valve  stop 
plate  cylinder  and  was  liquid  cooled.  Two  more  plug  locations  for 
special  long  reach  type  spark  plugs,  (Chamoion  F-5A),  were  provided  for 
in  the  head  end  of  part  No.  70825,  one  on  either  side  of  the  adjustable 
reach  fuel  nozzle  location,  which  wa3  in  the  center  of  the  head. 

10.  The  ignition  system  used  during  this  test  was  similar  to  that 
described  in  Lycoming  Engineering  Report  No.  1056  for  the  timed  ignit- 
ion runs.  For  thi3  test,  however,  the  interrupter  was  by-passed  and 
continuous  ignition  at  the  rate  of  several  hundred  3 parks  a second 
throughout  the  cycle  was  used  for  the  entire  test.  Four  points  of 
ignition  were  used  in  the  chamber.  Two  Champion  F-5A  special  long 
reach  plugs  were  used  in  the  head  end  location,  and  two  modified  DL-3C 
Champion  plugs  were  used  in  the  two  top  locations  directly  behind  the 
manifold.  See  Photo  No.  E-4544  , page  82  , showing  DL-SC  plugs 
modified  to  give  5/8”  extension  into  chamber.  Standard  DL-8C  plugs 
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extend  only  3/8*  into  the  chamber. 

11.  With  the  exception  of  the  70802  assembly,  the  fuel  system  is 
identical  with  that  described  in  Lycoming  Engineerinc  Report  No.  105 6. 

A 60  ddgree  spray  Bosch  nozzle  was  used  in  the  70802  adjustable  reach 
injector  assembly.  The  end  of  the  nozzle  was  left  fixed  at  1 1/4H 
extension  inside  the  chamber  throughout  this  test. 

12.  Two  normally  open  Fisher,  type  4300,  automatic  regulating  valves 
were  used  to  replace  those  used  during  the  rotary  valve  unit  test.  Other- 
wise the  combustion  air  system  was  identical  to  that  described  in  Report 
No.  1056. 

13.  The  test  stand  and  instrumentation  were  those  designed  for 
former  tests  and,  with  the  following  exceptions,  are  described  in  Report 
No.  1056. 

a)  Thrust  cylinder  relocation 

During  this  test,  while  trying  to  eliminate  small  errors  in 
the  thrust  measuring  system,  it  was  thought  advisable  to 
change  the  location  of  the  thrust  cylinder.  The  large 
„ subframe,  which  rode  on  rollers  and  carried  the  parallelo- 

gram on  -tfiich  the  engine  was  mounted,  was  bolted  solidly 
to  the  floor.  The  thrust  cylinder  element  was  uncoupled 
from  the  front  of  the  subframe  and  set  up  on  the  apex  of 
the  solid  "A"  frame  with  the  plunger  attached  to  the  top 
member  of  the  parallelogram.  In  this  way,  the  thrust 
cylinder  took  the  chamber  reaction  through  only  the  top 
member  of  the  oarallelogram  instead  of  the  subframe,  #hich, 
in  addition  to  its  own  mass,  carried  the  weight  of  the  pumos, 
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motor,  and  gear  box. 

b)  Ram  air  elbow 

The  former  straight  vertical  ram  air  hose  was  removed 
and  was  replaced  by  the  90  degree  elbow  to  increase  flexi- 
bility and  to  eliminate  vertical  load  on  the  parallelogram 
due  to  ram  air  pressures. 

c)  Pressure- time  indicator 


An  M.I.T.  balanced  diaphragm  type  pressure-time  indicator 
was  obtained  for  a part  of  this  test  to  give  permanent 
records  of  cyclic  pressures.  The  drum  of  the  indicator  wa3 
driven  through  an  extension  shaft  off  the  rear  of  the  same 
motor  used  to  drive  the  fuel  pumps.  The  balanced  diaphragm 
element  was  installed  in  one  of  the  rear  spark  plug  locations. 

d)  Exhaust  gas  samples 

Gas  samples  were  obtained  through  a straight  total 
pressure  tyoe  probe  located  2"  behind  the  jet  nozzle 
throat  in  the  center  of  the  jet.  An  Orsat  gas  analyser 
was  used  to  determine  the  proportions  of  CO2,  O2,  and  CO 
in  the  exhaust  gas  sample. 

e)  Cylinder  pressure  gauge 

An  indicating  mean  chamber  pressure  instrument  in  the  form 
of  a Bourdon  tube  gauge  and  orifice  arrangement  was  used 
in  addition  to  the  ’J.T.T.  indicator  and  the  trimount  pick- 
ups to  show  relative  mean  pressures.  The  oressure  tap 
for  this  gauge  was  a .063"  orifice  ia  one  of  the  rear  spark 
plug  locations,  diametrically  opposite  the  v.I.T,  balanced 
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diaphragm  element.  This  sampling  tap  was  connected 
by  a'  short  run  of  5/16"  copper  tubing  to  an  expansion 
chamber  of  approximately  12  cubic  inches  volume.  k 
1/8"  needle  valve  on  the  outlet  of  the  expansion  chamber 
was  used  to  further  damn  out  pressure  surges  to  the 
gauge  which  was  connected  to'  the  expansion  chamber  by 
approximately  25’  of  5/16"  copper  tubing.. 
f)  electronic  thrust 

The  electronic  thrust  meter  was  removed  after  some  of  the 
preliminary  checks  of  this  test  had  been  made.  It  was 
omitted  from  the  instrumentation  for  the  remainder  of  the 
test  and  thrust  was  measured  solely  by  the  hydraulic 
3y3tem. 

$ 

METHOD  OF  TEST: 

14.  The  reed  valve  chamber  was  operated  to  check  the  revised  ram 
air  control  system,  reproducibility  on  firing  and  non-firing  operation, 
and  thrust  stand  changes  for  a large  proportion  of  the  tine  up  to  23.5 
hours  total  operation.  Some  data  had  been  taken  at  the  conditions  shown 

in  the  following  schedule,  but  all  runs  made  prior  to  this  tim-^  were  repeat- 
ed. 

15.  This  test  was  made  at  the  following  conditions  and  in  the  follow- 
ing manner. 

CONDITIONS 

3 park  plugs 

2 K-5A  Chamoion  long  reach  plugs  - in  head  locations 
2 DL-8C  Chamoior  plugs  modified  to  have  „63:i  reach  into 
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chamber  - in  top  locations  behind  manifold.  (See  Photo 
No,  B-4544  , page  82.  ) 

Continuous  spark  - battery  and  Ford  spark  coils 

Fuel  spray  nozzle  - adjustable  reach  70802  assembly  set  at 

1 1/4"  extension  into  chamber  with  an  EGN-6382  Bosch  nozzle. 

Fuel  injection  Dumps  - two  EJN-7643  Bosch  pumps  coupled  in 

* 

parallel  and  synchronized. 

Reed  valves  - Flat  reeds , part  No.  70760. 

Jet  no22le  - Part  No.  70714  (Actual  throat  diam.  1.060") 
OPERATION 

• A.  Reproducibility  runs  were  made  at  the  following  conditions. 
15  psi  ram  air  pressure 
500  to  900  ipra  by  100  ipm  increments 
At  least  four  fuel  flow  settings  at  each  ran  and  speed 
Three  complete  sets  of  runs  were  made  on  successive  days. 

B.  Non-firing  airflow  and  thrust  vs  ram  pressure  checks 
from  15  to  35  to  15  pei  ram  pressure  in  5 psi  increments 
were  made  on  three  successive  days  and  at  intervals  dur- 
ing the  remainder  of  the  test. 

C.  Sana- were  made  at  5 psi  and  100  ipm  intervals  starting 
at  15  psi  and  500  ipm  as  follows* 

1.  The  range  of  fuel  flow  which  would  give  steady 
operation  at  15  psi  ram  and  500  inra  cyclic  speed 
was  determined.  This  fuel  flow  range  was  then 


divided  to  get  5 readings. 
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2.  The  speed  was  then  increased  in  100  ipm  increments 
repeating  part  C (1)  above  until  unsteady  firing  or  a 
decrease  in  thrust  was  found. 

3.  The  ran  air  pressure  was  increased  5 psi  and  parts  C (1) 
and  (2)  were  repeated  as  above. 

4.  Ham  pressure  was  increased  in  5 psi  increments  until 
30  osi  ram  was  reached , at  which  point  the  scheduled 
runs  were  terminated. 

D.  A non-firing  run  was  made  at  the  start  of  each  ram  air  pressure 
change  to  check  airflow  and  thrust. 

E.  A reverse  flow  reed  leak  test  was  made  at  the  end  of  each 
series  of  runs  or  at  the  end  of  days  runs.  Ignition  was 
also  checked  at  these  stops. 

16.  During  the  above  scheduled  operation,  the  following  changes 
were  made. 

(a)  Fisher  automatic  ram  air  pressure  regulating  valves 
were  installed  for  use  after  18  hours  of  total  engine 
operation. 

(b)  The  straight  vertical  ram  air  connecting  hose  was 
removed  and  replaced  by  a 90  degree  elbow  with  flexible 
hoses  in  each  leg. 

(c)  First  the  strain  gauge  thrust  link  for  electronic  thrust 
measurement  was  replaced,  and  then  electronic  thrust 
measurement  attempts  were  abandoned  altogether. 

(d)  The  heavy  test  stand  3ubfrane  was  lowered  from  its 
former  suspended  position  and  wa3  anchored  solidly  to 
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the  floor.  The  hydraulic  piston  type  thrust  re- 
^ action  element  was  moved  from  the  subframe  mounting 

and  was  installed  on  top  of  the  "A"  frame  to  take 
the  thrust  reaction  of  the  chamber  through  the  top 
member  only  of  the  parallelogram.  (See  drawing  N0. 

70713,  page  No.  101  of  Incoming  Engineering  Report 
No.  1056). 

17.  During  this  preliminary  test,  the  engine  was  disassembled  for 
inspection  three  times.  The  first  two  inspections  were  made  in  spite 
of  the  fact  that  no  trouble  was  indicated  either  in  operation  or  leak 
tests.  These  inspections  were  made  after  1 hour  4 minutes  and  31  hours 
44  minutes  total  chamber  operation  respectively.  After  40  hours  total 
operation,  however,  the  reverse  flow  reed  leak  test  indicated  excessive 
leakage  back  through  the  reeds  and  the  unit  was  again  removed  for  in- 
spection. 

18.  The  test  schedule  was  continued  and  was  completed  through  the  25 
psi  ram  pressure  portion  of  the  schedule,  at  which  point  it  was  decided 
to  terminate  running  on  this  schedule. 

19*  At  this  point,  the  effect  of  ram  pressure  alone  on  thrust  was 
investigated.  This  was  accomplished  by  plugging  the  jet  nozzle  and 
applying  ram  air  pressure  to  the  system,  while  readings  of  thrust,  cylinder 
pressure,  and  ram  pressure  with  zero  airflow  were  taken. 

20.  Checks  of  a thrust  system  having  a diaphragm  type  hydraulic 
element,  in  place  of  the  piston  type  used  throughout  this  test,  were 
made. 

21.  A reproducibility  check  was  made  at  what  had  been  determined  as 
the  best  operating  conditions  for  the  chamber,  as  found  during  the  earlier 
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part  of  this  test.  These  runs  were  made  therefore  at  900  cpn  cyclic 
speed  and  20  psi  ram  air  pressure.  Along  with  the  reproducibility  of 
thrust,  airflow,  and  fuel  flow  operating  range,  mean  chamber  pressure 
measuring  methods  were  checked.  Pressures  were  measured  by  means  of 
two  Trimount  pick-ups,  (one  100  psi,  and  one  300  psi  range  unit),  an 
11*1. T*  balanced  diaphragm  type  recording  indicator,  and  a Bourdon  tube 
gauge,  damped  so  as  to  read  relative  mean  nressurea. 

22.  Pressure  measuring  methods  were  again  checked.  This  time, 
however,  an  air-onerated  test  f ixture  was  used  in  place  of  the  chamber 
to  produce  the  intermittent  cyclic  pressure  pattern. 

23.  The  chamber  was  disassembled  for  inspection  and  to  have  photo- 
graphs made  of  the  parts  at  the  end  of  the  test,  after  67  hours,  40 

■«* 

minutes  of  total  operation. 

24.  Throughout  the  test,  the  thrust  and  dynamic  pressure  pick-ups 
were  calibrated  each  day  before  operating.  Thrust  and  ram  air  pressure 

* gauges  were  calibrated  once  during  this  test.  Otter  gauges  and  meters 

used  for  this  teat  had  been  calibrated  prior  to  this  test.  (See  Ly- 
coming Engineering  Report  No.  963). 

I 

I 25 o Aviation  73  octane  fuel  conforming  to  specif ication  ANF-23  was 

! used  throughout  this  test. 

■^6.  The  subject  test  covered  the  period  from  August  20,  1946  to 
j February  7,  1947.  Operating  time  accumulated  during  the  test  was  67 

| hours,  40  minutes.  This  time  does  not  include  the  oeriods  spent  in 

non-firing  airflow  checks  and  calibrations. 

I 

I RESULTS t 


27,  The  operation  of  the  chamber  during  t’ni3  test  indicated  that, 
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although  firing  waa  considerably  steadier  over  a wider  range  of  conditions 

i 

than  was  experienced  with  the  rotary  valve  chamber,  (See  Heport  Ho. 

1056),  cycle  to  cycle  combustion  pressures  were  still  very  irregular. 

This  is  shown  graphically  on  the  pressure- time  diagrams,  pages  83  through 
128  . That  the  traces  were  irregular  on  both  the  pressure  and  time 
bases  was  observed  on  the  oscilloscope  trace  of  the  electronic  pressure 
inatrtsaent.  See  Photographs  on  pages  132  to  135. 

28.  The  results  of  the  chamber  performance  portion  of  this  test 

are  shown  on  curve  sheets  Ho.  7412  through  7453*  pages  22  through  63  . 

The  data  was  plotted  in  two  forms  to  show  variations  not  only  versus 
speed,  but  also  versus  ram  pressure.  It  will  be  noted  that,  while 
the  tcurves  of  constant  ram  pressure  are  quite  evenly  spaced,  the  curves 

of  constant  speed,  curve  sheets  No.  7436,  7437  and  7438,  pages  46,  47  and  48 
show  that  the  higher  speeds  are  grouped  at  the  top  of  the  thrust  vs 
fuel  flow  plots,  indicating  that  the  unit  had  an  optimum  speed  some- 
where in  the  range  from  800  to  1200  cpa. 

29.  Curves  No.  7439,  7440  and  7441,  pages  49  , 50  and  51  show 
that  airflow  is  dependent  on,  and  varies  with,  fuel  flow  and  cyclic 
speed  regardless  of  ram.  pressure. 

30.  The  non-firing  airflow  vs  ram  pressure  curve,  sheet  No.  7449, 
page  59  , shows  that  above  two  atmospheres  ram  pressure , the  relation 
is ’substantially  a straight-  line.  The  non-firing  thrust  vs  airflow 
plot,  curve  sheet  No.  7448,  page  No.  53  , indicates  a similar  re- 
lation, in  that  above  the  airflow  obtained  at  two  atmospheres  ram 
pressure,  the  relation  is  linear. 

31.  Plots  of  the  reproducibility  checks,  curve  sheets  No.  7445, 
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7446,  and  7447,  pages  56  and  57,  shpw  maximum  variations  of  thrust 
and  airflow  in  the  order  of  2-1/2  and  2%  respectively,  which  are 
measures  of  some  of  the  best  agreement  found  during  this  tsst  for 
data  from  firing  operation. 

32.  Summary  data  sheets,  pages  66  through  76,  contain  the  data 
from  all  runs  selected  for  presentation  in  this  report. 

33.  Curve  sheet  No.  7454,  page  64,  shows  a factor  for  which 
correction  was  not  made  on  the  aforementioned  plots.  This  thrust 
variation,  although  numerically  small,  is  an  overall  correction  which 
should  be  applied  negatively  to  all  of  the  above  curves  in  any  analysis, 
since  it  is  appreciable  in  some  cases  on  a percentage  basis. 

34.  The  results  of  instrument  checks  made  at  the  end  of  this  test 
are  shown  on  curve  sheets  No.  7450,  7451,  7452  and  7453,  pages  60,  61, 

62  and  63,  and  table  No.  1,  page  65.  These  curves  show  the  comparison 
of  four  measurements  of  the  mean  chamber  pressures  taken  during  the  re- 
producibility checks  at  900  cpn  and  20  psi  ram.  The  M.I.T.  indicator 
diagrams  were  so  spread  for  these  firing  runs,  due  to  the  cyclic  pressure 
variations,  as  stated  before,  that  only  an  approximate  value  of  mean 
pressure  could  be  obtained,  however,  the  mean  pressures  that  were 
'plotted  indicated  that  the  M.I.T.  mean  pressures  check  those  measured 

by  means  of  the  100  psi  range  Triraount  pick— ud.  The  four  mean  pressure 

t measuring  instruments  were  checked  again,  this  time  on  an  intermittent 
air  pressure  test  fixture  made  to  give  a cyclic  pressure  diagram  similar 
to  that  of  the  chamber  firing  diagram.  Results  of  these  checks  are  shown 
in  tabular  form  on  page  65.  Fine  line  traces  were  obtained  from  the 
indicator  on  the  air  test  fixture  because  of  its  steady  cyclic 
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pressure  pattern.  ( See  Photographs  pages  129  through  131).  The  M.I.T. 
results  were  therefore  taken  as  the  standard  and  the  results  of  the 
Trimount  pick-ups  and  gauge  were  compared  to  it. 

35.  Only  once  during  the  entire  test  was  the  test  interrupted  by 
trouble  from  component  parts  of  the  chamber.  The  third  disassembly 
inspection  was  made  to  determine  the  cause  of  excessive  reed  valve 
leakage  under  reverse  flow  reed  leak  test.  One  reed  was  found  to  have 
taken  a permanent  sat  and  was  arched  3/64"  off  the  seat.  At  the  other 
Inspections  several  reeds  had  been  found  to  be  arched  away  from  the 
seat,  but  not  to  the  extent  that  the  low  pressure  used  during  the 
reverse  flow  reed  leak  test  would  not  return  them  to  their  seats. 

36«  The  condition  of  parts  at  the  end  of  the  test  is  shown  in 
Photos  No.  E-4495  through  E-4499,  pages  77  through  81.  Photo  No.  E-4498 
shows  the  seat  side  of  the  reeds  and  Photo  No.  E-4499  shows  the  opposite 
side.  When  removed , the  reeds  had  a carbon  coating  which  made  identi- 
fication by  number  almost  impossible , and  the  numbers  shown  in  the 
photographs  were  found  to  be  in  error.  The  following  key  will  properly 
identify  the  reeds  by  number  and  position  in  the  two  photographs. 


First  Row 

1 

2 

17 

4 

5 

6 
9 
8 

18 


Second  Row 
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37.  Copies  of  all  M.I.T.  indicator  diagrams  on  which  a complete 
trace  of  the  cycle  was  obtained  are  shown  on  pages  83  through  131  of 
this  report.  Pages  83  through  128  showing  diagrams  taken  during  the 
reproducibility  checks  at  900  com,  and  20  psig  ram,  c learly  illustrate 
the  cyclic  irregularities  described  above.  Pages  129  through  131 
show  the  contrasting  steadiness  of  the  traces  taken  during  the  air 
test  fixture  runs  for  comparison  of  pressure  measurements. 

38.  Photographs  of  the  oscilloscope  traces  taken  during  the 
reproducibility  runs  are  shown  on  pages  132  through  135  . These 
records,  especially  Photographs  on  pages  132  k 133,  show  the  cyclic 
pressure  and  time  shifts  plainly.  Due  to  an  undetermined  source  of  * 
trouble  in  the  camera,  other  photographic  records  of  thi3  part  of 

the  test  were  found  to  have  recorded  only  parts  of  the  cycle.  Pages 
No. 136  and  137  show  two  photographs  taken  during  the  air  test  fixture 
checks.  Photo  (a),  page  136,  taken  at  0.2  sec.  exposure  time,  of  a run 
made  at  507  cpm  shows  approximately  1.7  cycles.  Photo  (b),  page  137 
taken  at  0.1  sec.  exposure  time  of  a run  made  at  1089  cpm,  shows 
approximately  1.8  cycles.  Differences  in  the  cyclic  steadiness  are 
easily  apparent  from  a comparison  of  these  two  groups  of  photographs. 
DISCUSSION t 

39.  The  operating  range  of  the  chamber,  for  the  conditions  used 
for  this  test,  was  apparently  limited  to  speeds  of  from  500  to  1200 
cpm,  and  in  ram  pressure,  from  15  to  25  psig.  Above  1200  cpm  firing 

was  uneven  and  the  fuel  flow  range  was  quite  narrow.  At  the  lean  limit 
of  fuel  flow,  mi33ing  and  malfiring  made  3table  readings  impossible, 
but  at  the  rich  end,  the  condition  termed  "constant  burning"  was  en- 
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countered.  This  condition  can  possibly  be  better  described  as  ^torching". 
The  change  from  regular  cycling  to  torching  was  quite  abrupt  and  airflow 
and  thrust,  as  well  as  mean  chamber  pressure,  dropped  immediately  as 
fuel  flow  was  increased  through  the  limit.  Once  torching  had  been  start- 
ed, it  was  necessary  to  reduce  the  fuel  flow  10  to  15%  below  the  point 
at  which  torching  had  started  to  obtain  regular  cycling  again.  After 
this  condition  had  been  encountered,  a reading:  was  taken  at  the  rich  end 
of  each  curve  in  the  torching  condition,  not  to  evaluate  the  performance 
at  this  condition,  but  to  indicate  the  rich  limit  of  operatable  regular 
cycling.  Above  25  psi  ram  pressure,  firing  could  not  be  started  in  the 
chamber  with  operating  conditions  as  used  throughout  the  rest  of  the  test. 
It  was  found,  however,  that  the  3park  plugs  used  in  the  head  end  of  the 
chamber  had  little  or  no  effect,  but  that,  if  plugs  were  installed  in 

wr 

the  two  top  locations  of  the  rear  plug  belt  in  the  barrel,  the  chamber 
would  start  to  fire  at  any  ram  pressure  up  to  and  including  35  psi. 

This,  however,  was  merely  a check  point,  and  no  more  running  with  changed 
spark  plug  positions  was  done  during  the  remainder  of  the  test. 

40.  Although  the  oscilloscope  trace  of  the  pressure  pattern  of 
this  chamber  had  indicated  that  cyclic  pressure  variations  existed,  the 
effect  on  the  thrust  and  airflow  data  could  not  be  discerned.  It  was 
not  until  diagrams  from  the  M.r.T.  indicator  were  obtained  that  the 
amount  of  the  pressure  and  time  change  from  cycle  to  cycle  was  realized. 
With  the  amount  o*  cyclic  variation  observed  even  during  the  reproduci- 
bility checks  at  900  cpm  and  20  psi  ram  it  is  surprising  that  the  data 
obtained  showed  sign3  of  correlation  at  all.  During  future  investiga- 
tions the  amount  and  frequency  of  the  irregularities,  as  shown  by  these 
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two  instruments,  might  well  be  used  as  a measure  of  the  increase  in 
quality  of  combustion,  or  more  aDtly,  the  steadiness  of  combustion, 

41«  Since  this  was  not  an  endurance  test,  several  reeds  were 
replaced  at  each  inspection,  not  because  of  failure  or  malfunctioning, 
but  to  insure  having  the  best  operating  conditions  obtainable.  Three 
reeds  were  replaced  at  the  first  inspection,  because  they  were  found  to 
be  slightly  kinked  across  the  seating  surface.  It  is  entirely  possible 
that  these  reeds  were  kinked  when ■ originally  installed,  but  no  effect 
on  operation  was  discernible.  Five  reeds  were  replaced  at  the  second 
inspection.  Three  of  these  showed  a t endency  to  arch  away  from  the 
seat,  and  one  showed  the  trace  of  a mark  across  the  seat  surface,  but 
no  blowby  was  indicated.  The  fifth  reed  was  replaced  only  because  it 
had  an  arch  toward  the  3eat  of  such  an  amount  that  installation  was 
made  difficult  when  the  unit  was  assembled.  At  the  same  inspection, 

s 

five  reeds  were  installed  in  reversed  position,  (end  for  end),  because 
marks  on  the  reeds  indicated  that  the  seat  on  one  edge  was  quite  narrow. 
At  the  third  inspection,  five  reeds  were  replaced  because  of  minor  dis- 
tortions. One  of  them  was  replaced  by  a reed  of  the  same  number  which - 
had  been  removed  at  a previous  inspection.  The  number  10  reed,  which 
was  the  cause  of  the  inspection,  was  reinstalled  in  inverted  position 
(arch  to  the  seat).  At  the  inspection  made  at  the  end  of  the  test, 
no'  parts  were  replaced. 

42.  The  test  stand  was  altered  several  times  to  eliminate  small 
sources  of  error  which  had  not  been  significant  when  the  IiX-544  unit 
was  being  tested.  The  following  factors  were  discovered  and  eliminated 
during  the  course  of  the  test: 
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(a)  The  lord  rubber  bushings  in  the  ton  member  of  the 
parallelogram  were  replaced  by  brass  bushings  aid 
steel  pins  in  an  attempt  to  raise  the  resonant  fre- 

i 

quency  of  the  stand  to  eliminate  disruption  of  the 
thrust  pattern  from  the  electronic  thrust  system. 

(b)  The  electronic  thrust  equipment  was  abandoned  because 
it  was  found  impractical  to  alter  the  stand  to  get 
thrust  diagrams  which  could  be  accurately  averaged  to 
indicate  the  mean  thrust. 

(c)  The  straight  vertical  ram  air  connecting  hose  from  the 
ram  air  piping  to  the  manifold  was  removed  and  a 90 
degree  ell  with  both  legs  flexible  was  installed.  This 
change  was  made  to  eliminate  the  vertical  load  applied 
to  the  stand  by  the  ram  air  pressure  in  the  straight 

4"  hose. 

(d)  The  heavy  subframe  was  lowered  from  its  partly  suspended 
position  and  was  solidly  bolted  to  the  floor.  The 
hydraulic  thrust  cylinder  was  then  moved  to  the  ton 

of  the  nAn  frame.  In  this  way  the  mass  of  the  subframe, 
motor,  gear  box,  injector  pumps,  and  "A”  frame  was 
removed  from  the  active  part  of  the  stand  as  far  as  the 
thrust  measurements  were  concerned.  (See  drawing  No. 
70713,  page  101  of  deport  No.  1056).  The  thrust 
cylinder  then  took  the  chamber  thrust  reaction  through 
the  top  member  only  of  the  parallelogram. 

IQ ) The  vertical  legs  of  the  parallelogram  were  found  to  slant 
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approximately  3/l6M  forward  of  the  neutral  position,  at 
rest.  Static  vertical  loads  were  found  to  have  a 
small  but  measurable  positive  effect  on  thrust.  This 
error  was  corrected  by  bringing  the  parallelogram  legs 
to  a vertical  position. 

(f)  At  low  speeds  (500  to  700  ipm)  the  ram  air  piping  was 
found  to  respond  to  the  cyclic  thrust  impulses,  vibrat- 
ing enough  to  cause  thrust  meter  indications  to  fluctuate 
objectionably.  Bracing  was  installed  to  stiffen  the 
lower  end  of  the  ran  air  piping  to  reduce  the  vibration. 

(g)  Although  calibrations  with  and  without,  the  ram  air  hose 
connected  showed  very  small  errors,  a measurable  effect 
was  found  when  ram  air  pressure  was  app'ied  to  the  ram 
air  hose.  This  effect  was  measured  statically  at  zero 
airflow  conditions  - jet  nozzle  plugged,  bince  no  means 
of  eliminating  this  error  could  be  found,  a correction 
curve  was  included  in  this  report  so  that  the  effect  on 
the  data  could  be  evaluated. 

(h)  A diaphragm  type  thrust  element  was  installed  in  place 
of  the  piston  type,  and  was  checked  by  static  calibra- 
tion and  under  firing  conditions  for  stability  and 
reproducibility.  While  fluctuations  under  firing  con- 
ditions were  small  and  response  was  rapid,  cero  shift 
and  changes  under  static  calibration  conditions  were 
much  greater  than  with  the  piston  type. 


43.  The  electronic  mean  pressure  and  thrust  measuring  equipment  was 
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revised  several  times  during  this  teat.  Good  agreement  between  this 
method  and  others  was  never  attained  on  the  thrust  system,  and  elect- 
ronic measurement  of  thrust  was  finally  abandoned,  because  changes  in 
the  stand  necessary  to  the  good  performance  of  this  system  were  not 
practicable.  The  pressure  measuring  part  of  the  system  was  retained, 
and  after  revisions  to  eliminate  objectionable  drift  and  instability, 
finally  showed  very  good  correlation  during  the  checks  made  with  the 
air  test  fixture,  (see  table  1,  page  65  ).  This  was,  perhaps,  the 
only  fair  dynamic  teat  to  which  this  instrument  was  subjected.  It 
is  almost  too  much  to  expect  that  three  instruments,  as  widely  differ- 
ent in  principles  of  construction  and  operation  a.3  those  used  during 
this  test,  would  measure  and  mean  the  erratically  changing  cyclic  . 
pressures  of  the  firing  operation  of  this  chamber  within  the  limits 
desired  for  good  reproducibility.  After  the  last  revision  to  the'elact- 
ronic  equipment,  it  was  quite  possible  to  get  relative  measures  of  the 
pressure  changes  caused  by  changes  In  the  operating  conditions  from  all 
three  instruments,  but  to  get  close  agreement  amohg  the  absolute  press- 
ure values  was  difficult  and  time  consuming. 

44.  Considerable  difficulty  was  had  with  both  the  balanced  diaphragm 
contactor  and  the  timing  circuit  of  the  K.I.T.  indicator.  The  instrument 
was  found  to  have  been  received  in  a damaged  condition,  so  that  it  was 
necessary  to  replace  the  pointer  cylinder  head  olug  before  the  instru- 
ment could  be  operated.  Ihe  cylinder  contactor  units,  as  received, 
were  not  in  good  operating  condition.  The  clearance  between  the  diaphragm 
and  the  insulated  contact  pin  was  very  critical  for  good  ooeration. 
iVhile  theoretically  thi3  setting  can  be  made  so  that  only  2 11  of  water 
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pressure  is  required  to  move  the  diaphragm  into  contact,  it  was 
found,  during  this  test,  that  1/2  to  2 1/2  psi  was  actually  required. 
During  the  comparisons  made  on  the  air  test  fixture,  it  was  found  that 
2.6  psi  was  required  to  cause  the  diaphragm  to  contact,  and  a correction 
of  this  amount  was  applied  to  the  values  measured  try  the  M.I.T.  indicator. 
The  timing  of  the  spark  trace  of  the  indicator  Is  done  by  an  electronic 
circuit,  which  also  gave  trouble.  When  the  first  attempts  to  use  the 
indicator  were  made,  the  circuit  would  function  on  only  half  of  the  trace. 
The  circuit  was  checked  twice  and  finally  partly  replaced  before  complete 
traces  could  be  taken  consistently. 

45.  The  70714  jet  nozzle,  as  delivered  to  the  Aeropul3e  Laboratory, 
was  very  rough  in  the  nozzle  bore.  It  was  found  necessary  to  take  a 
finishing  out  out  of  the  converging  section  to  clean  it  up.  The  finish- 
ed diameter,  when  checked  jutt  prior  to  installation,  was  1.060"  rather 
than  the  1.00"  specified  on  the  70714  drawing. 

46.  The  EGN-6382  Eosch  fuel  nozzle,  serial  No.  2,  which  was  used  to 
replace  the  damaged  nozzle  (serial  No.  1)  of  the  same  type,  had  a poor 
spray  pattern.  This  was  the  only  similar  nozzle  obtainable,  and  was 
used  because  of  necessity  rather  than  choice,  since,  although  differences 
in  the  data  could  not  be  detected,  it  is  possible  that  the  faulty  spray 
may  have  contributed  to  the  erratic  nature  of  the  cyclic  pressure  diagram. 
The  same  may  be  said  for  the  metering  of  the  EJN-7648  injection  pumps. 
Checks  made  during  the  rotary  valve  chamber  test  and  during  the  subject 
test,  show  more  variation  than  was  desired  in  readings  taken  at  various 
speeds  with  the  metering  control  locked. 

47.  Exhaust  traa  analyses  made  by  mars  of  tho  (Treat.  apparatus  are 
not  5 horn n among  toe  daca  of  this  test.  In  addition  to  the  fact  that 
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results  of  the  first  samples  were  placed  in  doubt  because  of  faulty 

technique  in  operating  the  apparatus,  the  possibility  of  the  inclusion 

of  unburned  charge  in  the  sample  actually  precludes  use  of  this  type 
* 

of  apparatus  altogether.  There  is  also  some  doubt  as  to  whether  the 
method  used  during  this  test  to  obtain  gas  samples  yields  a truly  rep- 
resentative sample  of  the  products  of  combustion.  <• 
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MULTI  REED  VALVE  TEST 
TABLE  HO.  1 


CYCLIC  PRESSURE  MEASURING  INSTRUMENT  COMPARISON  ON 

AIR  TEST  FIXTURE  


Remarks 

3etting 

No. 

Tri  mount 
Pick-up 
Ser.  No. 

372-N  ’ 
100  psi. 
Range 

Tri  Mount 
Pick-up' 
Ser.  No. 
271-N 
50  psi . 
Range 

M.I.T.  Press. - 

Time ‘ Indicator 
Ses;  No.  3 

Mean  Press. 

Gauge 
NA— 3305-3 

. 

Cyclic 

Speed 

Mean 

Peak 

Mean 

Peak 

Mean 

ERH 

L60  psi. 

1 

39.3 

53.0 

39'.  4 

51.3 

39-.  7 

51.8 

35.9 

505 

Test  Fix- 

2 

34.3 

44.0 

34.6 

45.7 

35. 0 

47.2 

33.1 

1105 

bure  Air 

3 

33.7 

44*.  3 

33.8 

45’.  5 

34.0 

45.1 

32.6 

1105 

3upply 

4 

27.3 

50.5 

38'.  8 

50'.  8 

39-.  0 

51.8 

26.8 

501 

laintdln- 

5 

37.2 

50. 3 

28.6 

51.3 

39-.  0 

53.2 

37.0 

502 

6 

31.7 

43.8 

0.1 

33.0 

44.7 

t 

0.6 

32.5 

45.6 

30.7 

1100 

Mean  Pressure  Comparison 


■Sf 

lllggi 

Gauge 

i i « 

Speed 

Diff, 

flOLff 

Egai 

mwzm 

Diff. 

1 

1 

-0.4 

1.3 

-0.3 

1.0 

-2.8 

9.4 

500 

4 

-112 

4.1 

-0‘.  2 

O'.  7 

-2.3, 

7.6 

5 

-1.8 

6.2 

-0.4 

1.4 

-3.0 

t 

6.9 

3 

-0.7 

3.0 

-O'.  4 

mm 

-1,9 

S.  4 

1100 

3 

-0.3 

3.5 

—0. 3' 

-1.4 

4.1 

6 

-0.8 

0.9 

-0.5 

Urn 

-1.8 

5.5  . 

Peak  Pressure  Comparison 


1 

0.3 

0.4 

-0.6 

1.2 

4 

-1.3 

2.5 

-l.C 

1.9 

5 

-1.9 

3.6 

-1.0 

1.9 

mm 

3 

-3.2 

6'.  3 

-1.5 

3.2 

5 

3 

-1.9 

4.1 

—O',  6 

1.5 

I 1 

6 

-1.8 

3.9 

-0.9 

3.0 

Notes 

All  pressures  psi. 

Ho  Correction  for  zero  drift  in  Trimonnt  plC'-upe 
Correction’  for  l£0 I , T.  pic:-: -up  diaphra^  ini  -ial  contact 
press,.  3 306  pai0 


}37  PAGES  PAGE  66 


REPORT  NO.  1097 


534 

595 

536 

595’ 

537 

601 

538 

604 

15  . 

33.3 

1595 

15 

35.4 

1600 

15 

41.2 

1573 

m 

45.6 

1530 

15 

tm 

1507 

15 

50. 5 

1502 

15 

57.4 

1407 

15 

69.6 

1273 

15 

34.7 

1533 

24.5 

15 

43.2 

1507 

25.7 

15 

53.6 

1470 

26.2 

15 

55.3 

1440 

25.9 

SOO  15 


549  735  IB 


550  306  15 


551  302  15 


553  304  15 


06  15 


15 


315  15 


34.3  1530 


43.1  1533 


50.5 


1433 


62.7  1462 


73.3  1423 
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llulti  Reed  Valve  Initial  Test 
Run  No.  678 

Trimount  Pick-up  No.  272-N 
100  psi  range 

Cyclic  Speed  900  cpm 

Ram  Air  Press.  20  psi 
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Multi  Reed  Valve  Initial  Test 
Run  No.  679 

Trimount  Pick-up  No.  272-N 
100  psi  range 
Cyclic  Speed 
Ram  Air  Press. 


i 


900  cpm 
20  psi 
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Multi  Reed  Valve  Initial  Test 
Run  No.  681 

, Trimount  Pick-up  No.  272-N 
100  psi  range 

Cyclic  Speed  900  cpm 

Ram  Air  Press.  20  psi 
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Photo  (a) 

Julti  Reed  Valve  Initial  Test 
Cyclic  Speed  507 

Triaount  Dynamic  Pressure  Pick-up 
No.  272-N 
100  psi  range 
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Photo  (b) 

Multi  Reed  Valve  Initial  Test 
Cyclic  Speed  1089 
Trimount  Dynamic  Pressure  Pick-up 
No.  272-N 
100  psi  range 


